A generalized methodology applicable to any urban sub-catchment to calculate the pollution curve due to combined sewer overflows would help to implement integrated management policies to reduce urban impacts on the environment. An existing methodology to predict the pollutographs associated to rainfall events is tested in five different sub-catchments with very different pluviometry. Ninety-three rainfall events have been considered by measuring the in-sewer turbidity along the runoff episodes. Such data is then evaluated to obtain two prediction indices: the time to peak of pollutograph I TPP , and the maximum turbidity concentration I CMAX . These indices may be used with linear regressions to calculate the characteristics of pollutographs, such as the time to the peak, TPP, the maximum concentration of turbidity, C MAXtb , and the time to descent, TDP. These parameters allow to estimate the pollutographs of a sub-catchment. The comparison between pollutographs measured in the Ensanche sub-catchment and those calculated with the methodology shows a good agreement in terms of the root mean square deviation between samples and estimated values with the model proposed. Hence, the methodology could be a key way to find synthetic pollutographs for any sub-catchment.
Introduction
Combined sewer overflows (CSOs) constitute a source of diffuse urban pollution that impacts the environment and human health. The CSO systems are referred to in Directive 91/271/EEC, the Urban Waste Water Treatment Directive (UWWTD), and indirectly in others, such as the Water Framework Directive (WFD, 2000/60/EC), Bathing Water Directive (BWD, 2006/7/EC), the Groundwater Directive (GWD, 2006/118/EC), and the Environmental Quality Standards Directive (EQS, 2008/105/EC). These European Union (EU) directives require that Member States include measurements in their plans for the conservation or restoration of the environment. The UWWTD sets mandatory limits for specific polluting substances and specific requirements for storm water overflows. These legislations require the monitoring and the assessment of emissions to water that should be addressed through combined sewer overflow integrated planning [1] [2] [3] [4] [5] .
To achieve this, the knowledge on storm water quality is needed based on time-continuous sampling campaigns and laboratory analyses to understand the dynamic of pollutographs. Time-continuous water quality monitoring based on turbidity measurements offer correlations between several pollutants, such as particles and organic matter [6] [7] [8] [9] [10] [11] . Other methods, like ultraviolet-visible (UV-VIS) spectrometric sensors, present better correlations between spectrophotometric measurements data. In the same way, being able to have a generalized catchment-independent methodology that would allow obtaining the pollution curve over time would be of great help when establishing CSO integrated planning.
Based on time-continuous turbidity measurements in two urban sub-catchments, García et al. [26] proposed a stochastic methodology which allowed the prediction of the event maximum turbidity concentration (C MAXtb ), the time to the peak of the pollutograph TPP, and the time to the descent of pollutograph TDP, from intermediate stochastic predictor indices. This procedure is summarized in Figure 1 . In this work, the statistical prediction indices proposed by García et al. [26] are evaluated for different sub-catchments: Saint-Mihiel and Cordon-Bleu, from data collected in Hannouche [30] ; Ensanche, from data of Del Río [6] . Moreover, three new rainfall events were considered in sub-catchments S1 and San Félix, besides the events from previous works [26] . A total of ninety three events were considered in present work, of which seventy four are new, and the others were considered from previous adjustments of the proposed stochastic model in García et al. [26] . independent methodology that would allow obtaining the pollution curve over time would be of great help when establishing CSO integrated planning. Based on time-continuous turbidity measurements in two urban sub-catchments, García et al. [26] proposed a stochastic methodology which allowed the prediction of the event maximum turbidity concentration (CMAXtb), the time to the peak of the pollutograph TPP, and the time to the descent of pollutograph TDP, from intermediate stochastic predictor indices. This procedure is summarized in Figure 1 . In this work, the statistical prediction indices proposed by García et al. [26] are evaluated for different sub-catchments: Saint-Mihiel and Cordon-Bleu, from data collected in Hannouche [30] ; Ensanche, from data of Del Río [6] . Moreover, three new rainfall events were considered in sub-catchments S1 and San Félix, besides the events from previous works [26] . A total of ninety three events were considered in present work, of which seventy four are new, and the others were considered from previous adjustments of the proposed stochastic model in García et al. [26] . [26] .
Discussion of the adjustment achieved with the index of maximum turbidity concentration, ICMAX, in case of the five sub-catchments, is presented. In the case of the stochastic predictor index of the time to peak of the pollutograph, ITPP, due to the information available, is presented in the case of sub-catchments Ensanche [6] , S1, and San Félix [26] . Finally, the measured pollutographs for rainfall Discussion of the adjustment achieved with the index of maximum turbidity concentration, I CMAX , in case of the five sub-catchments, is presented. In the case of the stochastic predictor index of the time to peak of the pollutograph, I TPP , due to the information available, is presented in the case of sub-catchments Ensanche [6] , S1, and San Félix [26] . Finally, the measured pollutographs for rainfall events in the Ensanche sub-catchment [6] are also compared with those obtained with the proposed methodology.
Materials and Methods

Description of Sub-Catchments Areas
2.1.1. San Félix and S1 at Murcia, South East of Spain Murcia is a southeastern Spanish city with an equivalent population of 525,027 (Figure 2 ). This study site included two urban sub-catchments, called San Félix and S1. Both catchments were residential areas, their impervious areas being 47% and 21%, respectively ( Table 1 ). The sewer system is combined, incorporating storm water. events in the Ensanche sub-catchment [6] are also compared with those obtained with the proposed methodology.
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Description of Sub-Catchments Areas
San Félix and S1 at Murcia, South East of Spain
Murcia is a southeastern Spanish city with an equivalent population of 525,027 ( Figure 2 ). This study site included two urban sub-catchments, called San Félix and S1. Both catchments were residential areas, their impervious areas being 47% and 21%, respectively ( Table 1 ). The sewer system is combined, incorporating storm water. The Ensanche sub-catchment is located in Santiago de Compostela (Galicia-Spain). All the information of this sub-basin was obtained from Del Río [6] . It is one of the 13 main sub-catchments of the city's sanitation and drainage system. Ensanche has a predominantly unitary urban sewer network that serves an approximate population of 25,000 inhabitants and its approximate surface area is 38 ha. The instrumentation equipment could not be located at the outfall point of the subcatchment network. However, it covers approximately half of the total area of Ensanche (around 20 ha and a population of 13,000 inhabitants). Table 2 shows the main details of the sub-catchment. The Ensanche sub-catchment is located in Santiago de Compostela (Galicia-Spain). All the information of this sub-basin was obtained from Del Río [6] . It is one of the 13 main sub-catchments of the city's sanitation and drainage system. Ensanche has a predominantly unitary urban sewer network that serves an approximate population of 25,000 inhabitants and its approximate surface area is 38 ha. The instrumentation equipment could not be located at the outfall point of the sub-catchment network. However, it covers approximately half of the total area of Ensanche (around 20 ha and a population of 13,000 inhabitants). Table 2 shows the main details of the sub-catchment. Table 2 . Ensanche sub-catchment description (Del Río [6] ).
Sub-Catchment Ensanche
Area of catchment (km 2 The Saint-Mihiel sub-catchment has an area of 100 ha and it is located upstream of the central area of the city of Nantes (Figure 2 ). It is entirely unitary. The Cordon-Bleu sub-catchment is much larger (5000 ha) and it is located downstream of the main collector of the Nantes agglomeration (right bank of the Loire River) near to the Tougas wastewater treatment plant and serving approximately 500,000 equivalents inhabitants. Although only half sub-catchment is unitary, the measurement point is located in an accessible unitary manifold of ovoid section. The slope of this sewer is 0.04%. Table 3 shows the details of the two sub-catchments obtained by Hannouche [30] . 
Monitoring Equipment in the Evaluated Sub-Catchments
S1 and San Félix sub-catchments have a water gauge to continuously monitor the flow, while two different probes measure turbidity, conductivity, and temperature. The turbidity data is obtained with an infra-red nephelometric turbidimeter Endress+Hauser CUS 42 measuring at a wavelength of 880 nm according to the standard NF EN 27027, associated to a data logger. A backwash process with clear water is automatized each hour to avoid disturbing measurements. Turbidimeters are calibrated with formazine solution. A technique for the removal of these outliers has been implemented.
In the Ensanche sub-catchment, a continuous sampler was installed with intervals of five and ten minutes between samples. This also allowed the characterization of the turbidity of the sample in Nephelometric Turbidity Units, NTUs. Flow depth, flow velocity, and flow meters were installed at the measurement point located in the Ensanche sub-catchment. Ten rain events with values of turbidity are available (Del Río [6] ).
In Saint-Mihiel and Cordon-Bleu sub-catchments the rainfall was measured with the nearest rain gauges. Time-continuous turbidity was also measured during dry and wet weather by a turbidity probe in Formazin Attenuation Units, FAUs. In rainy weather in Cordon-Bleu, 35 events were sampled to establish total suspended solids TSS/turbidity relationships. For Saint-Mihiel, 27 rain events were sampled for SS/turbidity relationships. Detailed values are collected in Hannouche [30] . Hydrological characteristics of the rainfall events at both sites, like precipitated height, previous dry time, rain duration and maximum intensities in 5 and 60 min, Imax 5 and Imax 60 are also included in this work. Some hydraulic parameters, such as the time to peak of the hydrograph, TPH, could not be obtained due to the lack of instrumentation to measure the flow.
In case of turbidity determinations, the optical method of measurement for FAU is different than the NTU method. However, all measurements were calibrated with formazine solution. This allowed for considering that the value for each of these units are equivalent.
In Figure 3 , the measured rainfall in intervals of five minutes, the estimated hydrograph and the measured time-continuous turbidity are presented for two novel events in sub-catchments S1 and San-Félix. Figure 4 shows the measured rainfall, measured flow rate and turbidity calculated by sample analysis in the Ensanche sub-catchment in two events, as presented in Del Rio [6] . Remarkable differences in event duration are observed due to the concentration time of each sub-catchment: 15 min in the Ensanche sub-catchment; 193.75 min in the S1 sub-catchment; and 87.14 min in the San Félix sub-catchment. In Figure 3 , the measured rainfall in intervals of five minutes, the estimated hydrograph and the measured time-continuous turbidity are presented for two novel events in sub-catchments S1 and San-Félix. Figure 4 shows the measured rainfall, measured flow rate and turbidity calculated by sample analysis in the Ensanche sub-catchment in two events, as presented in Del Rio [6] . Remarkable differences in event duration are observed due to the concentration time of each sub-catchment: 15 min in the Ensanche sub-catchment; 193.75 min in the S1 sub-catchment; and 87.14 min in the San Félix sub-catchment. Table 4 summarizes the required variables for the calculation of the predictor indices and the application of the methodology [26] . These data have been obtained from [6, 26, 30] . In Figure 3 , the measured rainfall in intervals of five minutes, the estimated hydrograph and the measured time-continuous turbidity are presented for two novel events in sub-catchments S1 and San-Félix. Figure 4 shows the measured rainfall, measured flow rate and turbidity calculated by sample analysis in the Ensanche sub-catchment in two events, as presented in Del Rio [6] . Remarkable differences in event duration are observed due to the concentration time of each sub-catchment: 15 min in the Ensanche sub-catchment; 193.75 min in the S1 sub-catchment; and 87.14 min in the San Félix sub-catchment. Table 4 summarizes the required variables for the calculation of the predictor indices and the application of the methodology [26] . These data have been obtained from [6, 26, 30] . Table 4 . Variables measured at each sub-catchment in wet weather events. Table 4 summarizes the required variables for the calculation of the predictor indices and the application of the methodology [26] . These data have been obtained from [6, 26, 30] . 
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Where X represents that this information is available, P TOTAL is the total event rainfall, I mean is the mean rainfall intensity, I max5-10 is the maximum 5, 10 min rainfall intensity, DWP is the proportion of consecutive dry weather days previous to the event in the last month, T C is the time of concentration of urban catchment, Q max is the maximum event inflow, and Q mean is the mean event inflow.
Pollution Prediction Indices. Statistical Model
The maximum concentration index I CMAX , and the time to peak of the pollutograph index I TPP are calculated in order to adjust afterwards (i) the maximum concentration of turbidity during each event, C MAXtb ; and (ii) the time elapsed from the beginning of the event until the maximum peak of the pollutograph TPP.
Maximum Concentration Index I CMAX
The maximum concentration index I CMAX arises with the objective of estimating the maximum concentration of turbidity C MAXtb , from predictor variables quantified in rainfall events. Together with the I TPP , they allow the estimation of both the magnitude of the pollutograph and the location in time of the highest turbidity. The equation for I CMAX was previously defined as [26] :
where P TOTAL is the rainfall volume of each event (mm); P TOTALANNUAL is the total precipitation expected in a year, adopting 350 mm for the cases of sub-catchments S1 and San Félix, 800 mm for Saint-Mihiel and Cordon-Bleu, and 1300 mm for the Ensanche sub-catchment; DWR is the proportion of consecutive dry weather days previous to the event in the last month (DWP/30); and S is the mean slope of the sub-catchment (m/m). Equation (1) is dimensionless and represents the power of the event. It is multiplied by the time without precipitation, accounting for the effect of the possible sedimentation during the dry weather period. F shape is a shape factor of the sub-catchment defined as:
where A is the area of the sub-catchment (km 2 ) and L is the catchment flow length (km). Table 5 summarizes the shape factors obtained in the sub-catchments analyzed. Figure 5 presents the values of I CMAX , calculated by Equation (1) for each rainfall event, and the maximum measured turbidity in each event C MAXtb . A linear relation between the later variable and the index is obtained through a least squares adjustment. The values are mainly explained by such a common line except for four events in sub-catchments S1 and San Félix out of their 21 events. Those different cases are due to very low precipitation episodes or anomalously high registered values for the maximum turbidity that should be studied in more depth. In Sain-Mihiel sub-catchment, two values from the 27 existing values were not considered. In the Cordon-Bleu sub-catchment, two of the thirty-five existing values were omitted. In the sub-catchment of Ensanche three of the 10 values were not used in the adjustment. To sum up, 11 cases were omitted from a total of 93. The relationship between C MAXtb and I CMAX fit to a line with a coefficient of determination R 2 = 0.73. Figure 5 also presents the values omitted from the adjustment. Table 6 shows the regression coefficients and the coefficient of determination obtained for each sub-catchment independently and considering all the non-omitted data. The fitted line of the adjustment between the maximum concentration index, ICMAX, and the maximum concentration of turbidity, CMAXtb, is given by a linear regression: MAXtb = 6784.30 CMAX + 274.38
In the case of the Ensanche sub-catchment, the linear adjustment proposed in Equation (3) may be improved by using two additional alternatives: Alternative 2, i.e., adopting the regression equation presented in Table 6 considering only data of the Ensanche sub-catchment, with a coefficient of determination R 2 = 0.91, or the named Alternative 3, changing the power factors in Equation (1) 
with R 2 = 0.99. These three alternatives will be evaluated in the following sections. Equation (3) and (4) The fitted line of the adjustment between the maximum concentration index, I CMAX , and the maximum concentration of turbidity, C MAXtb , is given by a linear regression:
In the case of the Ensanche sub-catchment, the linear adjustment proposed in Equation (3) may be improved by using two additional alternatives: Alternative 2, i.e., adopting the regression equation presented in Table 6 considering only data of the Ensanche sub-catchment, with a coefficient of determination R 2 = 0.91, or the named Alternative 3, changing the power factors in Equation (1) with R 2 = 0.99. These three alternatives will be evaluated in the following sections. Equation (3) and (4) could be dimensionless dividing both sides of each equation by the 90th percentile of C MAXtb , calculated from the adjustment to a lognormal distribution of the 82 validated values of C MAXtb . This distribution was already proposed by Suarez and Puertas [25] and by Butler and Davies [31] . This dimensionless procedure does not change the values of C MAXtb obtained with previous Equations (3) and (4) . The lognormal fit graphic of C MAXtb values have been included in the text through Figure 6 . Lognormal parameters, such as location, scale, p-value for 0.05 significance, and the Anderson-Darling statistic are presented [32] . Figure 6 includes the fitted line and the 95% confidence intervals. In summary, the 90th percentile of C MAXtb could be used as the variable for dimensionless. Results of C MAXtb obtained through Equations (3) and (4) In summary, the 90th percentile of CMAXtb could be used as the variable for dimensionless. Results of CMAXtb obtained through Equations (3) and (4) by proposed dimensionless would not change the previously obtained results. 
Time to the Peak of Pollutograph Index ITPP
The time to the peak of the pollutograph index TPP, may be used to predict the time that elapses from the beginning of the episode until the maximum value of turbidity is achieved. It is defined from dimensionless factors [26] :
where TPH is the time to the peak of the hydrograph that was measured in S1, San Félix, and Ensanche sub-catchments and Tc is the time of concentration of the sub-catchment. Those values were not registered in the Saint-Mihiel and Cordon Blue sub-catchments (see Table 4 ). In previous works [26] , it was analyzed the most suitable equation to obtain the time to concentration, Tc, in urban subcatchments with flow through sewer networks. The most suitable equation seems to be the Témez [33] equation modified for urban areas [34] . Further information about Equation (5) and the explanation of its terms is presented in [26] . Figure 7 shows the linear relationship between the time to the peak of the pollutograph index, and the time to the peak of pollutograph. A linear regression that relates the time to the peak of the pollutograph index and the time to the peak, expressed in minutes, was obtained for S1 and San Félix sub-catchments as: TPP = 401.47 TPP − 256.35
In the Ensanche sub-catchment, the following linear regression was obtained: 
Time to the Peak of Pollutograph Index I TPP
P TOTAL P TOTAL ANNU AL 0.02 (5) where TPH is the time to the peak of the hydrograph that was measured in S1, San Félix, and Ensanche sub-catchments and T c is the time of concentration of the sub-catchment. Those values were not registered in the Saint-Mihiel and Cordon Blue sub-catchments (see Table 4 ). In previous works [26] , it was analyzed the most suitable equation to obtain the time to concentration, T c , in urban sub-catchments with flow through sewer networks. The most suitable equation seems to be the Témez [33] equation modified for urban areas [34] . Further information about Equation (5) and the explanation of its terms is presented in [26] . Figure 7 shows the linear relationship between the time to the peak of the pollutograph index, and the time to the peak of pollutograph. A linear regression that relates the time to the peak of the pollutograph index and the time to the peak, expressed in minutes, was obtained for S1 and San Félix sub-catchments as:
In the Ensanche sub-catchment, the following linear regression was obtained:
For the adjustment of Equation (7), two points that had a value of time to peak less than ten minutes were omitted for the adjustment. In the same way as previous section, Equations (6) and (7) may be dimensionless dividing both sides of each equation by a variable of time to peak of pollutograph. The lognormal distribution is adjusted for the variables TPP and TPH for S1 and San-Félix grouped sub-catchments. An independent adjustment is obtained for the Ensanche sub-catchment. Figures 8 and 9 present the fit of TPP and TPH values to a lognormal distribution. Lognormal parameters such as location, scale, pvalue for 0.05 significance, and the Anderson-Darling statistic are also presented [32] . The figures include the fitted line and the 95% confidence intervals. In summary, the 90th percentile of TPP could be used as the variable for dimensionless specifically for each sub-catchment. These operations would not change the results obtained in Equations (6) and (7) of TPP. In the same way as previous section, Equations (6) and (7) may be dimensionless dividing both sides of each equation by a variable of time to peak of pollutograph. The lognormal distribution is adjusted for the variables TPP and TPH for S1 and San-Félix grouped sub-catchments. An independent adjustment is obtained for the Ensanche sub-catchment. Figures 8 and 9 present the fit of TPP and TPH values to a lognormal distribution. Lognormal parameters such as location, scale, p-value for 0.05 significance, and the Anderson-Darling statistic are also presented [32] . The figures include the fitted line and the 95% confidence intervals. In summary, the 90th percentile of TPP could be used as the variable for dimensionless specifically for each sub-catchment. These operations would not change the results obtained in Equations (6) and (7) of TPP. In the same way as previous section, Equations (6) and (7) may be dimensionless dividing both sides of each equation by a variable of time to peak of pollutograph. The lognormal distribution is adjusted for the variables TPP and TPH for S1 and San-Félix grouped sub-catchments. An independent adjustment is obtained for the Ensanche sub-catchment. Figures 8 and 9 present the fit of TPP and TPH values to a lognormal distribution. Lognormal parameters such as location, scale, pvalue for 0.05 significance, and the Anderson-Darling statistic are also presented [32] . The figures include the fitted line and the 95% confidence intervals. In summary, the 90th percentile of TPP could be used as the variable for dimensionless specifically for each sub-catchment. These operations would not change the results obtained in Equations (6) and (7) of TPP. 
Definition of Pollutographs from Prediction Indices
Once the TPP and the CMAXtb have been calculated, to complete the pollutograph it is necessary to know the ascent and descent curve and the time to descent of pollutograph, TDP. According to García et al. [26] , the line of ascent may be adjusted with the following exponential equation:
where Na is the number of intervals of 5 min in which the ascent time is divided; n indicates the interval (0 ≤ n ≤ Na) in units of five minutes; and Ca and C0 are the turbidity values at each interval n and at the beginning of the pollutograph, respectively (measured in NTU). The value of C0 is assumed as the dry weather value at the beginning of the episode.
The time to the descent of pollutograph TDP, is defined as the time interval between the instant of the maximum concentration and the time when the concentration reaches dry weather values. The time to the descent of the pollutograph value has been adjusted for each sub-catchment showing a linear relationship with pollutograph time to the peak. The adjustment of TDP for the Ensanche subcatchment is given by:
where TPP and TDP are expressed in minutes in this equation.
In the same way as in previous sections, Equation (9) could be dimensionless by considering the 90th percentile of TPP, not introducing modifications in the results.
The descent line of the pollutographs may be adjusted to a logarithmic function as:
where Nd is the number of intervals of five minutes in which the descent time is divided; n indicates the interval (Na ≤ n ≤ Nd) in units of five minutes; and Cd and CTStb are the turbidity values at each n interval and at the end of the event, corresponding to TDP time, respectively (measured in NTU)., When n = Na, ln(n − Na + 1) = 0, and Ca = Cd = CMAXtb, ensuring continuity of Equation (10). Figures 10-13 show the measured and calculated pollutographs that correspond with episodes 02, 06, 07 and 09 of Ensanche sub-catchment [6] . Pollutographs are compared for the three alternatives of adjustment proposed for this sub-catchment: Alternative (1) general adjustment for the CMAXtb; Alternative (2) linear regression for CMAXtb obtained only with the Ensanche sub-catchment data; 
Once the TPP and the C MAXtb have been calculated, to complete the pollutograph it is necessary to know the ascent and descent curve and the time to descent of pollutograph, TDP. According to García et al. [26] , the line of ascent may be adjusted with the following exponential equation:
where N a is the number of intervals of 5 min in which the ascent time is divided; n indicates the interval (0 ≤ n ≤ N a ) in units of five minutes; and C a and C 0 are the turbidity values at each interval n and at the beginning of the pollutograph, respectively (measured in NTU). The value of C 0 is assumed as the dry weather value at the beginning of the episode. The time to the descent of pollutograph TDP, is defined as the time interval between the instant of the maximum concentration and the time when the concentration reaches dry weather values. The time to the descent of the pollutograph value has been adjusted for each sub-catchment showing a linear relationship with pollutograph time to the peak. The adjustment of TDP for the Ensanche sub-catchment is given by:
where N d is the number of intervals of five minutes in which the descent time is divided; n indicates the interval (N a ≤ n ≤ N d ) in units of five minutes; and C d and C TStb are the turbidity values at each n interval and at the end of the event, corresponding to TDP time, respectively (measured in NTU)., When n = N a , ln(n − N a + 1) = 0, and C a = C d = C MAXtb , ensuring continuity of Equation (10) . Figures 10-13 show the measured and calculated pollutographs that correspond with episodes 02, 06, 07 and 09 of Ensanche sub-catchment [6] . Pollutographs are compared for the three alternatives of adjustment proposed for this sub-catchment: Alternative (1) general adjustment for the C MAXtb ; Alternative (2) linear regression for C MAXtb obtained only with the Ensanche sub-catchment data; Alternative (3) predictor index changing the power factors to the values of 0.43 and 0.85, and linear regression obtained only with the Ensanche sub-catchment data (Section 3.2.1). In this way the previous Equation (5) in the case of Alternative 3 becomes Equation (11) Alternative ( Considering the results observed on Figures 10-13 , a good agreement between the measured and calculated pollutographs is obtained in the basis of the accuracy index (AI) proposed for the CMAXtb. The AI is the root mean square deviation (RMSD) between the samples and estimated values with the proposed model, all normalized with the average of maximum concentration of turbidity of all events measured. Results can be observed in Table 7 , where, in the case of the Alternative 2, the AI index achieves values of 9.17% for the Ensanche sub-catchment, which is considered in good agreement with values until 20% considered acceptable in terms of quality for the CMAXtb definition.
The best results were obtained considering Alternative 3. Differences observed in the time to the peak of pollutograph between the measured and the proposed pollutographs are lower than five minutes, that is, the calculation time step of the samples used in Ensanche. Some of the events measured in Ensanche sub-catchment present a short duration, being difficult the adjustment with the proposed predictor indices. The Ensanche sub-catchment is a very small sub-catchment with a surface area of around 20 ha upstream in the monitoring point, and with a time of concentration of Considering the results observed on Figures 10-13 , a good agreement between the measured and calculated pollutographs is obtained in the basis of the accuracy index (AI) proposed for the CMAXtb. The AI is the root mean square deviation (RMSD) between the samples and estimated values with the proposed model, all normalized with the average of maximum concentration of turbidity of all events measured. Results can be observed in Table 7 , where, in the case of the Alternative 2, the AI index achieves values of 9.17% for the Ensanche sub-catchment, which is considered in good agreement with values until 20% considered acceptable in terms of quality for the CMAXtb definition.
The best results were obtained considering Alternative 3. Differences observed in the time to the peak of pollutograph between the measured and the proposed pollutographs are lower than five minutes, that is, the calculation time step of the samples used in Ensanche. Some of the events measured in Ensanche sub-catchment present a short duration, being difficult the adjustment with the proposed predictor indices. The Ensanche sub-catchment is a very small sub-catchment with a surface area of around 20 ha upstream in the monitoring point, and with a time of concentration of Considering the results observed on Figures 10-13 , a good agreement between the measured and calculated pollutographs is obtained in the basis of the accuracy index (AI) proposed for the C MAXtb . The AI is the root mean square deviation (RMSD) between the samples and estimated values with the proposed model, all normalized with the average of maximum concentration of turbidity of all events measured. Results can be observed in Table 7 , where, in the case of the Alternative 2, the AI index achieves values of 9.17% for the Ensanche sub-catchment, which is considered in good agreement with values until 20% considered acceptable in terms of quality for the C MAXtb definition.
The best results were obtained considering Alternative 3. Differences observed in the time to the peak of pollutograph between the measured and the proposed pollutographs are lower than five minutes, that is, the calculation time step of the samples used in Ensanche. Some of the events measured in Ensanche sub-catchment present a short duration, being difficult the adjustment with the proposed predictor indices. The Ensanche sub-catchment is a very small sub-catchment with a surface area of around 20 ha upstream in the monitoring point, and with a time of concentration of around 15 min. The present methodology was previously adjusted for sub-catchments with relatively larger areas than Ensanche.
The accuracy index, AI, proposed represents the sample standard deviation of the differences between predicted values and observed values. The AI index is normalized with the average of maximum concentration of turbidity of all events measured, C MAX , and calculated from Equation (12) . Values obtained with Equation (12) are presented in Table 7 for the five sub-catchments studied and in function of regressions presented in Table 6 .
where AI is the uncertainty index in the percentage of the averaged value of maximum concentration of turbidity measured during the events, C MAX , (NTU); C MAX_measured_i and C MAX_calculated_i are the values of maximum turbidity concentration of each event measured and calculated, respectively, (NTU); and n is the number of measured events.
The Nash-Sutcliffe model efficiency coefficient (NSE) is also calculated and presented in Table 7 . This is an index of the goodness of fit measure used in hydrologic and water quality modeling [35] [36] [37] . The index is presented in Equation (13) . The index presents quite good results for the sub-catchments S1, San Félix. and Ensanche, while low values of this coefficient are obtained for the sub-catchments Saint-Mihiel and Cordon-Bleu that address to have additional field measurements for a better evaluation: 
Conclusions
A methodology to adjust pollutographs and its characteristics has been analyzed in this study. Its accuracy was also considered in previous works from data measured in two sub-catchments in the south-east of Spain [26] . In this work, it has been evaluated in other different sub-catchments, such as Saint-Mihiel and Cordon-Bleu sub-catchments, from data collected by Hannouche [30] , and the Ensanche sub-catchment with data from Del Río [6] . A total of ninety-three events are considered in the present work, of which seventy-four are novel, and the rest where considered for previous adjustment of the proposed stochastic model in García et al. [26] .
The tested statistical model presents two key predictor indices: the time to peak of pollutograph, I TPP , and the maximum turbidity concentration, I CMAX . Quite good agreement has been found for both indices for all the different evaluated sub-catchments, in terms of coefficient of determination, R 2 , shown in Sections 3.2.1 and 3.2.2. between measured samples and the linear regressions proposed for the I TTP and I CMAX indices.
In the Ensanche sub-catchment, due to the available data, it was possible to apply the methodology to calculate the pollutograph. The comparison between measured data and proposed pollutograph was presented with acceptable agreement, in terms of an accuracy index based on the root mean square deviation between samples and predictions, taking into account the important differences between the compared sub-catchments.
This work represents the initial steps to achieve a general stochastic model that allows to define the pollutograph for any sub-catchment. The model is evaluated in different sub-catchments to those where it was first proposed. More measurements are needed in different sub-catchments that allow to improve the methodology with the objective of obtaining prediction indices that help in the understanding and prediction of pollution due to runoff from storm water.
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